Abstract. In the HERMES experiment at HERA deep inelastic scattering of polarized positrons from internal polarized gas targets is used to study the spin structure of the nucleons.
INTRODUCTION
In the HERMES experiment the spin structure of the nucleon is investigated by inclusive and semi inclusive observation of positron -proton scattering using the polarized positron beam of the HERA accelerator and an internal polarized hydrogen gas target (Diagram 1). The positron beam is bunched to provide high luminosity for the collider experiments and there are nominally 220 bunches circulating in the HERA positron ring. At the beam energy of 27.5 GeV the average beam current after injection is 35 mA. The high peak currents and the time structure of this beam lead to intense transient magnetic elds transverse to the beam direction which have a typical peak value of 80 mT at a distance of 0.15 mm from the beam axis. The periodicity of these transient elds is seen by the hydrogen atoms which are moving with thermal 1) Work is supported by BMBF Germany, 056MU22I(1) and 057ER12P (2) . atomic hydrogen electrons are polarized using Stern-Gerlach-separation in a sextupole system. Adiabatic RF transitions 6] interchange sub-state populations of hyper ne states to allow the selection of di erent proton polarization states in the injected target gas 7] . A super conducting magnet 5, 8] provides the quantization axis parallel to the positron beam axis. The eld is produced by 4 coils giving a non uniformity of B B = 1:5% along the interaction region axis. The target cell 5, 8] increases the target density by a factor of hundred compared to a free jet. The achieved target thickness is 7 10 13 nucl cm ?2 . The atoms in the cell are sampled and their polarization measured using a Breit-Rabi type polarimeter (BRP) 4, 5, 7] . A combination of adiabatic RF transitions 4] followed by a sextupole system allows the magnetic sub-state population and thus the polarization of the atoms to be measured.
HYPERFINE SPLITTING
The Hamiltonian of hydrogen is given by H = A IS + ! S S Z ? ! I I Z : (1) where S and I indicate the electron and proton spin operators, respectively, and ! is the Larmor frequencies according to the external magnetic eld B. The dependence of the energies of the hyper ne sub-states on the magnetic eld strength is shown in Figure 3 . At the working point of several hundred mT the eld is well above the critical eld B c = 50:7 mT. A periodic magnetic eld may induce transitions between two sub-states jai and jbi, if the perturbation provides the transition (resonance) frequency ab : h ab = E ab : (2) Because of the transverse direction of the perturbing elds relative to the holding eld only {transitions with m F = 1 are allowed. These are proton transitions: j1i $ j2i, j3i $ j4i, electron transitions: j1i $ j4i, j2i $ j3i.
In the strong eld limit the transitions (12) and (34) change the proton polarization and the (23) and (34) transitions the electron polarization only. In a transverse holding eld one has to consider in addition the transition j2i $ j 4 i with m F = 0, which changes both the electron and proton polarization.
TIME STRUCTURE OF THE POSITRON BEAM
The frequency spectrum of the perturbing eld is the Fourier transform of the time structure of the positron beam eld. Each bunch in the HERA ring has a length of approximately z = 8 mm and an elliptical shape with x = 0:26 mm and y = 0:07 mm. The revolution time of a single bunch at 27.5 GeV is T= 21:14 s and the time interval between subsequent bunches is t = 96 ns. The magnetic eld of a single bunch is modi ed due to re ections at the beam tube. Thus the resulting bunch eld is longer than the bunch length. A schematic of the time structure is given in Figure 4 . A schematic of the Fourier transform of the beam is plotted in Figure 5 . The frequency interval between the harmonics is = 10:4 MHz = t ?1 . The shape function of the envelope is given by the average eld of the single bunches t , which is approximated by a Gaussian function. The short length of the bunches leads to a large number N of harmonics. For an 8 mm bunch length, which is a lower limit, the 1 range of the envelope is expected at a frequency of = 5 GHz.
RESONANCE CONDITION
The energy di erence E ab between the hyper ne states is a non linear function of the magnetic eld. It is plotted in Figure 6 for transitions between the states j 1 i and j 4 i, j1i and j2i, and j 3 i and j4i. The eld values, where a beam harmonic leads to a resonance are shown schematically in the graph for both resonance types (12) and (34). In the second measurement the proton and electron polarization of the hydrogen atoms have been measured in the magnetic eld range near the (12) resonance of the 62 nd harmonic of the beam (see Figure 8) . The measurements clearly indicate a change in the proton polarization caused by beam induced resonances. As expected, no polarization transfer from proton to electron is seen.
The transition strength of the electron resonances, e.g. (14), depends on much higher Fourier components of the bunch eld (see Figure 5 ). Because of their narrow spacing and the non-uniformity of the holding eld inside the cell they cannot be resolved. A rst measurement of the electron resonances, comparing data with and without positron beam has been performed scanning the magnetic eld from B = 0 mT to 335 mT. This measurement gives information about the length of the bunch elds.
RESONANCE SHAPE
All measured resonances show a characteristic shape which is the same for the (12) and (34) resonances. This indicates that the measured resonance shape results from broadening of an intrinsic resonance and is determined by the geometry and the density distribution in the cell and the non-uniformity of the magnetic holding eld. The in uence of these e ects is discussed below.
Beam-Induced Resonances inside the Target Cell
The dependence of the amplitude B rf of the bunch eld on the distance from the beam is given by a function / r ?1 . The transition probability is proportional B 2 rf . The average transition probability of an atom moving in the cell depends on the distance of the particle from the beam (see Figure 9) . The motion of particles inside the cell is di usive and the probability to cross the cylinder " 0 is independent on the z position along the cell axis. In addition, particles are injected into the cell center as ballistic particles. This leads to an additional probability " 1 to cross the cylinder. The total probability "(z) to cross the cylinder around the beam depends on z.
Holding Field Uniformity
For a given setting of the magnetic holding eld current the magnetic eld inside the cell shows a non-uniformity of B B = 1:5% (see Figure 10) . The resonance condition for a certain frequency of the perturbing eld is met in a few points only. Thus the resonance condition appears locally inside the cell at di erent positions depending on the holding eld current. The spectral density distribution ( (B)) of the resonance depends on the position z inside the cell (see Equation 4 ). 
Particle Sampling
The BRP detects a sample of the particles near the center of the cell. The sampling probability for a particle is given by the probability for a particle at a certain z position to move to the center of the cell. It is linearly dependent on z. The density distribution n(z) of the target gas is given by the condition n = C, where is particle ux through the cell and C is the conductance of the cell. This again shows a linear dependence on z. Their product is the total weight function S(z). It gives the sensitivity of the BRP to detect a change in the proton polarization depending on the position inside the cell.
RESULTS
For polarized gas the measured polarization in the BRP is given by P meas = P 0 (1 ? R); (6) where R is a function describing the polarization loss measured by the BRP. The function R is calculated by multiplying Equation 5 with the weight functions S(z) and "(z) and integrating along the cell and over all frequencies of the perturbing eld
Fit parameters are the intrinsic resonance width and the probabilities " 0 and " 1 to pass the cylinder near the beam. The resulting function is plotted in Figure 11 . It shows good agreement with the measured data. The interaction time of the particles with the perturbing eld can be calculated from the tted intrinsic resonance width as ? E = 5:2 10 ?7 eV ) = h ? E = 8 10 ?7 s:
Assuming thermal velocity of the atoms at 100 K this gives an interaction path length of 0:8 mm much larger than the average beam diameter of 0:15 mm, but much smaller than the minimum cell diameter of 100 mm. 
CONCLUSION
Beam induced resonances at HERA have been observed for the rst time. The physics of the resonances is discussed, the measured data are well tted by a model based on the cell geometry and three parameters. The quality of these data also shows that the BRP works as a versatile and reliable tool.
The longitudinal magnetic eld of the HERMES target is su ciently uniform to operate in between two resonances. At the working point at a high magnetic eld of B = 335 mT no depolarizing e ects are observed, in agreement with the model discussed above.
